of transmembrane and membrane-associated proteins capable of bidirectional signaling. Eph-ephrin signaling is important for topographic mapping of axonal projecThe patterning of the nervous system is achieved tions in the central nervous system. Slits are secreted through coordinated action of a variety of repulsive proteins that act primarily as repellents for migrating or attractive neuronal guidance factors that direct the axons. In Drosophila, slit protein expressed at the growth of growing axons to specific pathways. Reventral midline acts as a short-range repellent to precent studies suggest that the same or similar sets of vent ipsilateral axons from crossing the midline or comfactors also guide migration of endothelial cells, helpmissural axons from rerecrossing. Slits play a similar ing to direct the stereotypical embryonic patterning role at the neural ventral midline in vertebrates and are of the developing vertebrate vascular system. important in directing retinal axons through the optic chiasm via repulsive signaling. Semaphorins consist of seven structurally diverse families of membraneThe striking parallels between the vertebrate vascular associated and secreted ligands that act mostly as and nervous systems are readily apparent even on cashort-range inhibitory cues to direct axons away from inappropriate regions or guide them through specific sual observation. Both are highly branched, ramified corridors. Class 3 semaphorins bind to neuropilinnetworks that extend into and innervate every portion plexin receptor complexes on the axonal surface, with of the animal. Both are composed of largely separate plexins serving as the functional (signaling) component efferent and afferent networks (e.g., motor and sensory of the complex. Netrins are secreted proteins that can nerves in the nervous system and arteries and veins in have either attractive or repulsive activity. Netrin the vasculature). In many cases, both systems are not attracts ventrally directed axons to the midline in both only similar in their anatomical structure and form but vertebrates and invertebrates but also repels other sets also follow the same paths. Major vessels and nerves of axons. These ligands act together in attracting or frequently coalign with one another, as noted for perepelling growing axons to "steer" them through other ripheral nerves and vessels in the developing avian skin tissues toward their final targets. The ligands signal and forelimb (Bates et al., 2003) . Another feature that though specific transmembrane receptors expressed both systems share is a remarkable reproducibility and on the surface of axonal growth cones. The levels, reconservation in their overall anatomical architecture, sponsiveness, and/or subcellular localization of these both between individuals of a species and across the receptors are also regulated, even to the extent of vertebrate phyla. Recent findings have shown that simswitching the response of a growth cone from attracilarities between the nervous and vascular systems extion to repulsion or vice versa. Guidance factors can tend to the molecular level and that some of the moalso modulate each other's activity, as, for example, in lecular mechanisms important for the specification, the silencing of netrin attraction by slit signaling when differentiation, and patterning of nervous tissues also commissural axons cross the ventral midline. This crosplay important roles within the vasculature and vice stalk is likely to be important for coordinating the spaversa. Crosstalk between nerves and vessels is clearly important in shaping both systems, but it has become evisels (Figure 1 ). EphrinB2-EphB4 signaling plays a critident that ligands employed for axonal guidance in the cal role in arterial-venous differentiation, promoting nervous system are also used independently to help proper arterial-venous distinction and morphogenesis fashion the global architecture of the vasculature.
Vesof arterial-venous vascular networks (Wang et al., 1998). sels respond to many of the repulsive guidance cues
Additional Eph and ephrin genes are expressed both in used to steer growth cones along their migratory paths, blood vessels and in the tissues surrounding them, and and, in at least some cases, these cues have been work in Xenopus suggests that ephrinB ligands exshown to act in an analogous fashion to direct the mipressed in the somites restrict growth of adjacent EphB4-expressing growing intersomitic vessels in the gration and patterning of growing angiogenic blood ves-trunk (Helbling et al., 2000) . Injection of ephrinB ligand tion, suggesting that endothelial semaphorin signaling may be acting predominantly through neuropilin and or dominant-negative EphB4 mRNA into one to four cell Xenopus embryos results in aberrant growth of vessels the VEGF receptor. However, mice with a mutated NP1 unable to bind sema3A, sema3C, or sema3F but still into somitic tissue, although the vascular defects appear less severe than those noted in animals deficient able to bind VEGF (NP1 sema− ) have defects in both neural and cardiovascular development but lack the vascuin vascular semaphorin signaling (see below) and may be at least partly due to defects in somite patterning lar defects found in mice with an endothelial-specific knockout of NP1, suggesting that VEGF-NP1 signaling and differentiation, which also requires Eph-ephrin interaction. Nevertheless, it appears that exclusion of is more important for vascular development than Sema-NP1 signaling (Gu et al., 2003) . growing trunk vessels from the somites may be mediated at least in part by Eph-ephrin ligation.
In the nervous system, the signaling receptors for type 3 semaphorins are plexins, and studies in zebraSlit-Robo signaling has also been implicated in vas to shape the stereotypic pattern of early blood vessels. The strong parallels uncovered between these two sysstimulates proliferation and directed migration of both endothelial cells and vascular smooth muscle cells in tems already imply that studies carried out in the nervous system aimed at dissecting this interaction will vitro with a specific activity comparable to VEGF (for vascular endothelial cells, VEC) and PDGF (for vascular continue to have relevance to the vascular system (and, perhaps, vice versa). The finer details of both the vassmooth muscle cells, VSMC). Netrin-1 is also proangiogenic in several different in vivo assays, again with specular and nervous systems are shaped and remodeled by local influences-in the case of the vasculature, by cific activity comparable to VEGF, and it synergizes with VEGF both in vitro and in vivo. These results clearly hemodynamics and the oxygen and nutrient needs of local tissues, and, in the case of the nervous system, demonstrate an attractive or proangiogenic role for netrin-1, but another recent study has suggested that netby neural activity. Understanding the interface between the global genetically programmed assembly of the rin-1 acts instead as a repulsive guidance factor with the netrin receptor unc5b required for proper patterning earliest, major nerve tracts and vessels and growth and reshaping of later, smaller-caliber vessels and neural of blood vessels (Lu et al., 2004) . Loss of unc5b function in mice and zebrafish increases vessel branching connections provides a challenge for the future. and filopodia, although patterning of the major vessels is largely normal and trunk vascular defects are much
